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Abstract: This contribution introduces enhancement on Uu RRC inactive state to optimize PC5. 
1. Introduction/Discussion
The V2X service supported by Rel-14/15/16 3GPP V2X is mainly targeting communication among vehicles and between vehicle and infrastructure. However, this is not optimized for Vulnerable Road User (VRU) services where the UE power consumption plays a pivotal role.
The current PC5 transmission mechanism can be improved. For example, the random selection is power efficient, but may lead to collision of the messages. The partial sensing mechanism, on the other hand, can avoid collision of the messages, but have to consume power to perform sensing (at least partially). This solution presented in this paper proposes to use RRC inactive state over PC5. This helps the UE to reduce its power consumption since no sensing is needed, while it can still avoid message collisions (because it uses network scheduled radio resource).  
2. Text Proposal
It is proposed to capture the following changes vs. TR 23.766.
[bookmark: _Toc519004414][bookmark: _Toc517082226]* * * * First change * * * *
6.X	Solution #X: Enhance Uu RRC inactive state to optimize PC5 transmission
[bookmark: _Toc16839383][bookmark: _Toc23236015]6.X.1	Introduction
This solution addresses Key Issue #X (power efficient transmission). The RRC inactive state has been defined in Rel-16 to support maintaining UE’s context in RAN and CN while Uu communication does not take place. This solution proposes that, when the UE is in RRC inactive mode, the RAN node can provide to the UE the radio resources to use over PC5 (i.e., network scheduled mode), so that the UE can send the VRU messages without the need to detect the available radio resources, e.g. without sensing. This helps the UE reduce its power consumption when exchanging messages over PC5, while at the same time it avoids any potential message collision.  
6.X.2	Functional Description
During the registration procedure, 
-	if the UE supports VRU service, it indicates so to the AMF.
-	the PCF provides the AMF with the V2X service type and the resource type (e.g., network scheduled mode with SPS resource over PC5) for VRU Service as part of PC5 QoS parameters.
-	based on the UE subscription and UE capability, the AMF provides the UE with the VRU service permission.
When the UE intends to transmit messages for the VRU service under network control, the service request procedure is enhanced as follows:
-	The UE provides a VRU operation in the Service Request message, which indicates that the UE requests to transmit messages for the VRU service in network scheduled mode over PC5. The V2X Service type for VRU service is also included in the Service Request message
-	If the UE is authorized to use the VRU service as represented by the V2X Service type, the AMF indicates to the UE that the allowed V2X service type for VRU service in the Service Accepted message. In addition, the AMF provides to the RAN node RRC Inactive Assistance Information. The RRC Inactive Assistance Information includes the Preferred Scheduled Mode for VRU Service (e.g. network schedule mode) and allowed V2X service type. 
-	Based on the V2X service type in the Service Accepted message, the UE generates the PC5 QoS Flow for the VRU service.
The UE requests and obtains the radio resource for transmitting the messages for VRU service of the corresponding V2X service type, e.g. requests to operate in network scheduled mode with SPS resource. The UE is able to transmit the messages for VRU service in the power efficient way, e.g. transmit data without sensing.
When the RAN detects there is no ongoing data over Uu for a certain duration, based on the RRC Inactive Assistance Information, the UE should be transferred to RRC inactive state in RAN and UE (i.e. CM_CONNECTED state in CN). Consequently, the UE is able to keep on transmitting the messages over PC5 for VRU service in a power efficient way, e.g., in network scheduled mode with SPS resource. 
When the UE intends to stop transmitting the message for VRU service, the Service Request message is further enhanced as follows:
-	The UE provides a VRU operation via the Service Request message, the VRU operation indicates the UE intends to stop transmitting messages for VRU service. 
- 	The AMF sends the update RRC Inactive Assistance Information, i.e. without the VRU service and the resource type.
When the RAN detects there is no ongoing data over Uu for a certain duration, the UE should be transferred to RRC_IDLE and CM_IDLE.
[bookmark: _Toc16839386][bookmark: _Toc23236018]6.X.3	Procedures


Figure 6.x.3.1-1: Registration procedure
1.	The UE indicates whether it supports VRU Service. 
16.	If the UE supports VRU Service, the PCF provides the V2X Service type for VRU Service as part of PC5 QoS parameters. 
17.	The AMF provides the VRU service permission in the registration accept message.
6.X.3.1	Service request 
6.x.3.1.1	Initiation of VRU service


Figure 6.x.3.1.1-1: Initiation of VRU Service
1.	The Service Request message includes the VRU operation and V2X Service type for VRU service. The VRU operation indicates that the UE requests to transmit messages for the VRU service in network scheduled mode.
Step 3 to stop 11 is optionally performed if needed, for example, the UE intends to send uplink data at the same time.
12.	If the UE is authorized to use the VRU service as represented by the V2X Service type, the AMF provides to the RAN node the RRC Inactive Assistance Information. The Preferred Scheduled Mode for VRU Service (e.g. network schedule mode) and allowed V2X Service type are included as part of the RRC Inactive Assistance Information.
	The AMF also includes the allowed V2X Service type in the Service Accept message to the UE.
13.	The UE generates the PC5 Packet Filters Set for allowed V2X Service type internally.
Step 14 to Step 22 is optionally performed if needed, for example, the UE intends to send uplink data at the same time.
After the Service Request procedure, the UE requests radio resource for transmitting the messages for VRU service (e.g., in network scheduled mode with SPS resource). Since the resources are now semi-persistently allocated by the RAN, the UE can start transmitting over PC5 avoiding message collisions, without previously performing sensing. This allows to perform the transmission in a power efficient way.
6.x.3.1.2	Termination of VRU service


Figure 6.x.3.1.2-1: Termination of VRU Service
1.	The Service Request message includes the VRU operation. The VRU operation indicates that the UE intends to stop transmitting messages over PC5 for the VRU service in network-scheduled mode.
Step 3 to stop 11 is optionally performed if needed, for example, the UE intends to send uplink data at the same time.
12.	The AMF provides to the RAN node RRC Inactive Assistance Information. RRC Inactive Assistance Information excludes the Preferred Scheduled Mode for VRU Service.
13.	The RAN revokes the radio resources for the VRU service.
Step 3 to stop 11 is optionally performed if needed, for example, the UE intends to send uplink data at the same time.
After the Service Request procedure, when the RAN detects there is no ongoing data over Uu for a certain duration, the UE is transferred to RRC_IDLE and CM_IDLE. 

6.X.4	Impacts on existing entities and interfaces
UE:
-	The registration and service request procedures includes VRU related parameters.
- 	The UE supports transmitting data over PC5 when it is in RRC inactive state.
RAN:
- 	The RAN manage the radio resource over PC5 when the UE is in RRC inactive state.
AMF:
-	Handles the VRU related parameters included in the registration and service request procedures. 
- 	Provides the RRC Inactive assistance information to RAN, considering the VRU related parameters.
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